A novel Gram-negative, rod-coccus shaped, non-motile, strain, RS-3 T , was isolated from a sediment sample collected from the marine transect of Kongsfjorden, Ny-Å lesund, Svalbard, Arctic. Colonies and broth cultures were yellowish in colour due to the presence of carotenoids. Strain RS-3 T was positive for oxidase, aesculinase, caseinase, gelatinase and urease activities and negative for amylase, catalase, lipase, lysine decarboxylase, ornithine decarboxylase, DNase and b-galactosidase activities. The predominant fatty acids were iso-C 15 : 0 (18.0), anteiso-C 15 : 0 (16.8), iso-C 15 : 1 G (14.2), anteiso-C 15 : 1 A (6.0) and iso-C 15 : 0 3-OH (6.8). Strain RS-3 T contained MK-6 (72.42 %) and as the major respiratory quinones and phosphatidylethanolamine, two unidentified aminolipids and two unidentified lipids make up the polar lipid composition. The DNA G+C content of strain RS-3 T was 34.7±1.2 mol%. The 16S rRNA gene sequence analysis indicated that Winogradskyella pacifica and Winogradskyella thalassocola are the most closely related species with sequence similarities to the type strains of these species of 98.5 and 97.7 %, respectively. However, DNA-DNA hybridization with Winogradskyella pacifica KCTC 22997 T and Winogradskyella thalassocola DSM 15363 T showed a relatedness of 22 and 42.5 % with respect to strain RS-3 T . Based on the DNA-DNA hybridization values, phenotypic and chemotaxonomic characteristics and phylogenetic inference, strain RS-3 T is proposed as a novel species of the genus Winogradskyella, for which the name Winogradskyella psychrotolerans sp. nov. is proposed. The type strain of Winogradskyella psychrotolerans sp. nov. is RS-3 T (5CIP 110154 T 5NBRC 106169 T ). An emended description of the genus Winogradskyella is provided.
quinone is menaquinone 6 (MK-6) and DNA G+C content is 30.2-37 mol% (Ivanova et al., 2010; Nedashkovskaya et al., 2005; Nedashkovskaya et al., 2012; Yoon et al., 2011) . Currently, the genus Winogradskyella comprises 14 species with validly published names. The species of the genus are widely distributed in different marine habitats like seawater (Kim & Nedashkovskaya 2010; Yoon et al., 2011) , marine algae (Nedashkovskaya et al., 2005; Nedashkovskaya et al., 2012) , starfish (Ivanova et al., 2010) , marine sediments (Romanenko et al., 2009) , sea urchin , sponge (Lau et al., 2005) and protein-enriched surface seawater (Pinhassi et al., 2009 ). In the present study, a strain RS-3 T was isolated from marine sediment collected from Kongsfjorden, Ny-Å lesund, Svalbard, Arctic (Srinivas et al., 2009) . Phylogenetic analysis based on the 16S rRNA gene sequence analysis indicated that strain RS-3 T clustered within the genus Winogradskyella. Based on phenotypic and chemotaxonomic characteristics with the nearest phylogenetic neighbours, it is proposed that strain RS-3 T represents a novel species. IP: 54.70.40.11 On: Fri, 21 Dec 2018 23:30:59 Strain RS-3 T was isolated from a sediment sample (brown, clay-like, sticky with algae) collected from 4.2 m depth of Kongsfjorden, Ny-Å lesund, Svalbard (78u 569 07.90 N 11u 529 54.90 E), in the Arctic on 9 August 2007. The sample that yielded strain RS-3 T had a pH of 7.6. The surface and bottom water temperature at the RS sampling site at the time of collection was 5.2 u C. For isolation of bacteria, 100 mg of the sediment sample was suspended in 900 ml sterile normal saline and subjected to shaking for 2 h at 20 u C. The supernatant was serially diluted and 100 ml was plated on Zobel marine agar (MA, HIMEDIA) and incubated at 10 u C for 15 days. Different morphotypes were purified and maintained on MA plates.
The culturable bacterial count (c.f.u.) obtained was 0.8610 4 g 21 sediment. A total of 16 morphotypes were obtained. Out of this one strain each belonged to the genera Arthrobacter, Marinobacterium and Winogradskyella; three strains to the genus Pseudoalteromonas; and five strains each to the genera Pseudomonas and Shewanella (Srinivas et al., 2009) . The yellowish-coloured colony which belonged to the genus Winogradskyella was selected and characterized. For 16S rRNA gene sequencing, DNA was prepared using a microbial DNA isolation kit (Mo Bio Laboratories) and sequenced as described previously (Lane, 1991) . The resultant almost complete sequence of the 16S rRNA gene (1510 nt) was subjected to BLAST sequence similarity search (Altschul et al., 1990) to identify the most closely related taxa. All the 16S rRNA gene sequences belonging to the genus Winogradskyella were downloaded from the database (http://www.ncbi.nlm.nih.gov), aligned using the CLUSTAL_X program (Thompson et al., 1997) and the alignment corrected manually. Phylogenetic trees were constructed using the maximum-likelihood (ML) and neighbour joining (NJ) (Saitou & Nei, 1987) tree-making algorithms, using the PhyML program (Guindon et al., 2005) and the PHYLIP package, version 3.5 (Felsenstein, 1993) , respectively. The resultant tree topologies were evaluated by bootstrap analysis based on 1000 resamplings using the SEQBOOT and CONSENSE programs in the PHYLIP package. Pair-wise evolutionary distances were computed using the DNADIST program with the Kimura two-parameter model (Kimura, 1980) . . Data for all three taxa is from the present study. All strains were Gram-negative, yellow pigmented, positive for catalase and oxidase activities, casein and gelatin hydrolysis and phenylalanine, glutamic acid and cysteine utilization. All strains were negative for lysine decarboxylase, ornithine decarboxylase and phenylalanine deaminase activities, H 2 S and indole production, Voges-Proskauer and methyl red reactions, agar, DNA and Tween-60 hydrolysis and failed to utilize xylose, adonitol, rhamnose, cellobiose, raffinose, trehalose, maltose, galactose, inulin, sodium gluconate, salicin, dulcitol, inositol, methyl-a-D-glucoside, ribose, melezitose, methyl-a-D-mannoside, xylitol, D-arabinose and sorbose. All strains were sensitive to norfloxacin (10), lomefloxacin (30), roxithromycin (30), chloramphenicol (30), erythromycin (15) and tetracycline (30) and resistant to colistin (10) and nalidixic acid (30). +, Positive; 2, negative; W, weak. R, resistant; S, sensitive. PE, phosphatidylethanolamine; AL1-AL2, unidentified aminolipids; L1-L3, unidentified lipids. Aesculin
RS-3 T clustered with the species of the genus Winogradskyella and clustered with W. pacifica and together with W. thalassocola (Fig. 1) . The topology of the NJ tree was essentially the same ( Fig. S1 available in IJSEM Online). Hence, the type strains of W. pacifica and W. thalassocola were grown under the same conditions as strain RS-3 T and used as reference strains in most phenotypic and chemotaxonomic tests.
Cell morphology and motility were studied using a light microscope. Growth at different temperatures (4, 10, 18, 30, 37 and 40 u C) were ascertained using MA agar medium and salt tolerance [0 (without NaCl), 1, 2, 3, 4, 5, 6, 8 and 10 % (w/v)] were ascertained using nutrient agar (NA, HIMEDIA) medium. Growth at pH 5, 6, 7, 7.5, 8, 8.5, 9, 9.5, 10, 11 and 12 was assessed on MA buffered with citric acid-NaOH (for pH 5 and 6), NaHPO 4 -Na 2 HPO 4 (for pH 7 and 8), glycine-NaOH (for pH 9 and 10) or Tris/HCl or NaOH (for pH 11 and 12). Biochemical characteristics such as activity of oxidase, catalase, lysine decarboxylase, ornithine decarboxylase, nitrate reduction, hydrolysis of aesculin, gelatin, ONPG, starch, Tween 60, carbon source assimilation, H 2 S production and the sensitivity to 17 different antibiotics using the disc diffusion method with commercially available discs (HIMEDIA) were determined by previously described methods (Lányí, 1987; Smibert & Krieg, 1994) . Biochemical characteristics were also assessed using the Hi25 Enterobacteriaceae identification kit and the HiCarbohydrate kit parts A, B and C (HIMEDIA) according to the manufacturer's protocol. The phenotypic characteristics of strain RS-3 T are listed in the species description and in Table 1 . thalassocola DSM 15363 T were grown on MA plates at 18 u C for 4, 3 and 5 days. Cellular fatty acid methyl esters (FAMEs) were obtained from cells by saponification, methylation and extraction following the protocol of MIDI. Cellular FAMEs were separated by GC (6850) and identified and quantified with MIDI System software (version. 6.0, using the aerobe RTSBA6 method and RTSBA6 database). Menaquinones and polar lipids were determined in freezedried cells of strain RS-3 T and the reference strains. Menaquinones were extracted as described by Collins et al. (1977) and were analysed by HPLC (Groth et al., 1997) . Polar lipids were extracted and analysed according to the method described by Komagata & Suzuki (1987) . The DNA of strains RS-3 T , W. pacifica KCTC 22997 T and W. thalassocola DSM 15363 T was isolated according to the procedure of Marmur (1961) and the G+C content was determined from melting point (T m ) curves (Sly et al., 1986) obtained by using a Lambda 2 UV-Vis spectrophotometer (Perkin Elmer) equipped with the Templab 2.0 software package (Perkin Elmer). Escherichia coli strain DH5-a was used as a standard. DNA-DNA hybridization was performed by the membrane filter method (Tourova & Antonov, 1988) as described previously (Shivaji et al., 1992; Reddy et al., 2000) .
The cellular fatty acid composition of strain RS-3 T showed a pronounced dominance of the branched and hydroxyl medium chain saturated and unsaturated fatty acids iso-C 15 : 0 (18.0), anteiso-C 15 : 0 (16.8), iso-C 15 : 1 G (14.2), anteiso-C 15 : 1 A (6.0) and iso-C 15 : 0 3-OH (6.8) ( Table 2) . The quinones of RS-3 T consisted of MK-6 (72.42 %) and . MK-6 was present in reference strains W. pacifica KCTC 22997 T and W. thalassocola DSM 15363 T (Table 1) . Strain RS-3 T contained phosphatidylethanolamine (PE), two unidentified aminolipids (AL1 and AL2) and two unidentified lipids (L1 and L3) as total polar lipids ( Fig. 2a ). All three strains possessed PE, one unidentified aminolipid (AL1) and one unidentified lipid (L1) and Major fatty acids iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 15 : 1 G, anteiso-C 15 : 1 A, iso-C 15 : 0 3-OH iso-C 13 : 0 , iso-C 14 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 15 : 1 G, anteiso-C 15 : 1 A, iso-C 15 : 0 3-OH, iso-C 17 : 0 3-OH iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 15 : 1 G, anteiso- differed from each other in presence or absence of one unidentified aminolipid (AL2) and two unidentified lipids (L2 and L3) (Fig. 2) . DNA-DNA hybridization with W. pacifica KCTC 22997 T and W. thalassocola DSM 15363 T showed a relatedness of 22 % and 42.5 % with respect to strain RS-3 T . This value is lower than 70 %, confirming that the novel strain RS-3 T is not a member of W. pacifica KCTC 22997 T and W. thalassocola DSM 15363 T (Wayne et al., 1987) .
The main features of the strain RS-3 T are in line with the original and emended descriptions of the genus Winogradskyella but it could be distinguished from the closely related species W. pacifica KCTC 22997 T and W. thalassocola DSM 15363 T (Tables 1 and 2) . Thus, the cumulative differences that strain RS-3 T exhibits from the closely related type strains unambiguously supports the creation of a new species of the genus Winogradskyella for which the name Winogradskyella psychrotolerans sp. nov. is proposed.
Description of Winogradskyella psychrotolerans sp. nov.
Winogradskyella psychrotolerans (psy.chro.to9le.rans. Gr. adj. psychros cold; L. part. adj. tolerans tolerating; N.L. part. adj. psychrotolerans tolerating cold temperature).
Cells are Gram-negative, non-motile, rod-coccus shaped (0.4-0.6 mm in diameter and 0.5-1.0 mm in length) and occur singly. Colonies are round, 1 mm in diameter, smooth, shiny, mucoid, yellowish, opaque, flat and entire. Cells grow at 4 to 30 u C and exhibit optimum growth at 18 u C. Requires NaCl for growth and tolerates up to 6 % (w/v) NaCl. Grows at pH 6-9, with optimum growth at pH 7.5. Catalase and oxidase activities are present but ornithine decarboxylase, lysine decarboxylase b-galactosidase and phenylalanine deaminase activities are absent. The methyl red and Voges-Proskauer's reactions are negative.
There is no indole production from tryptophan. Nitrate is reduced and H 2 S is not produced. Casein, aesculin, gelatin and urea are hydrolysed but not agar, DNA, starch and Tween 60. Acid is produced from sucrose, lactose, melibiose, mannose and mannitol (in the Hi25 Enterobacteriaceae identification kit) and the new species is able to ferment the same sugars plus citrate and malonate when using the HiCarbohydrate kit. Utilizes phenylalanine, isoleucine, tryptophan, methionine, glutamic acid, cysteine, histidine and valine but does not assimilate arabinose, xylose, adonitol, rhamnose, cellobiose, raffinose, trehalose, glucose, maltose, fructose, galactose, L-arabinose, sucrose, inulin, sodium gluconate, glycerol, salicin, glucosamine, dulcitol, inositol, sorbitol, methyl a-D-glucoside, ribose, melezitose, methyl-a-D-mannoside, xylitol, D-arabinose, sorbose, aspartic acid, alanine and leucine. Susceptible to (mg/disc unless indicated) norfloxacin (10), lomefloxacin (30), roxithromycin (30), penicillin G (10 units/disc), cefazolin (30), lincomycin (2), chloramphenicol (30), erythromycin (15) and tetracycline (30); resistant to co-trimoxazole (25), nalidixic acid (30), colistin (10), ampicillin (10), cefoperazone (75), cefuroxime (30), cefotaxime (30) and kanamycin (30). The polar lipids consist of phosphatidylethanolamine (PE), two unidentified aminolipids (AL1 and AL2) and two unidentified lipids (L1 and L3). The isoprenoid quinones present are MK-6 and MK-7. The cellular fatty acids composition is as in Table 2 .
The type strain is RS-3 T (5CIP 110154 T 5NBRC 106169 T ), isolated from a sediment sample collected from the marine transect of Kongsfjorden, Ny-Å lesend, Svalbard, Arctic. *Summed features are groups of two or three fatty acids that cannot be separated by the MIDI system. Summed feature 3 comprises iso-C 15 : 0 2-OH and/or C 16 : 1 v7c and/or C 16 : 1 v6c; summed feature 9 comprises C 16 : 0 10-methyl and/or iso-C 17 : 1 v9c.
The genomic DNA G+C content of the type strain is 34.7±1.2 mol%.
Emended description of the genus Winogradskyella
The description of the genus is as given previously (Ivanova et al., 2010; Nedashkovskaya et al., 2005 Nedashkovskaya et al., , 2012 Yoon et al., 2011) , with the following amendments: cells are both rodand coccus-shaped.
Winogradskyella ulvae sp. nov., a novel epiphyte of a Pacific seaweed and emended descriptions of the genus Winogradskyella and 
